A premature intracellular activation of digestive proteases has long been thought to represent either an initial or an initiating event in the pathogenesis of pancreatitis. The reasons for this assumption are manyfold and include the original observation that the pancreas of patients who do not survive necrotizing pancreatitis appears autodigested on autopsy. More recently germline mutations associated with an autosomal dominant variety of hereditary pancreatitis have been shown to exclusively affect digestive proteases, primarily trypsinogen. In addition, trypsin activation is a prominent feature of most animal models of pancreatitis.
In order to study the mechanisms of intracellular trypsinogen activation in living pancreatic acinar cells we have developed an assay based on cell permeant fluorogenic substrates specific for trypsin and elastase that permits quantification of the activity of proteases in either single cells or single acini as well as in supensions of acini studied in a cuvette or 96-well plate over a time course of up to 4 hours. More importantly, it allows visual localization of the subcellular compartment where protease activation begins by means of fluorescence microscopy or laser confocal microscopy.
The original description of the method can be found in reference (10), a pdf copy of this paper can be downloaded from your library or obtained from the authors. The method is now widely used by laboratories studying the cell biology of pancreatic acinar cells and the pathophysiology of pancreatitis and allowed us to characterize the changes in intracellular calcium signalling that trigger protease activation and pancreatitis (9), a mechanism that has been confirmed by others (17) .
Since the initial description of fluorogenic substrates in 1983 (14, 15) bisamide derivatives of rhodamine 110 (R110) have been widely used as sensitive and selective substrates for nonpancreatic (1-3, 5, 7, 15, 16, 18, 20) and pancreatic (4, 8-12, 17, 19) 7. Cell analysis system CASY TTC (Roche Innovatis AG, Germany) for determination of acinar biovolume in normal saline (NaCl 0.9 % w/v) in plastic CASY cups.
8. Cholecystokinin analogue caerulein (Bachem, Switzerland), 500 µM stock solution in PBS stored in aliquots of 15 µl at -20°C.
9. Cell-permeable protease inhibitors, e.g. FUT-175 (Futhan; BD Pharmingen) for tryptic activity and Boc-Ala 3 -NHO-Bz (Merck) for elastolytic activity.
10. Speed and temperature controlled water bath shaker (e.g. Lab-Line benchtop shaker). 4. 100 µM bis-(CBZ-Ile-Pro-Arg)-R110 for monitoring trypsinogen activation, and 100 µM bis-(CBZ-Ala 4 )-R110 for monitoring proelastase activation (Molecular Probes / Invitrogen) in substrate medium (in mM): 24.5 HEPES, 11.5 glucose, bovine albumin, faction V (1 % w/v), at pH 7.4 (adjusted with 3N NaOH). They are made from substrate stock solutions (30 mM in DMSO stored at 4°C).
Quantitation of protease activation

Methods
Isolation and cultivation of pancreatic acini
Preparation of pancreatic acini from one
Wistar rat is sufficient for a typical experiment. When mouse pancreatic acini are used you may consider using the pancreata of two or three animals. Best experimental results are achieved with acinar units consisting of 3 to 20 (max) acinar cells. The rat is anaesthetized with i.p. Rompun (0.2 ml) plus Ketamin (0.5 ml), sacrificed by heart aspiration, and prepared for injection of 5 ml digestion medium through the pancreatic duct. 10 min later pancreas must be dissected, cleaned from fat and lymph nodes, transferred to 2 ml digestion medium, and incubated under oxygenation and shaking (100 cycles / min) at 37°C for 15 min. Then the pancreas is minced with small scissors, washed twice with 5 ml digestion medium, and incubated with 5 ml fresh digestion medium for another 15 min under the same conditions. Now the suspension is sucked through pipette tips with decreasing apertures (5, 2.5, 1, 0.5 mm), followed by filtering through a Polymon PES-200/45 filter. Filtrate (containing isolated acini) is washed five times with culture medium by centrifugation (500 rpm = 30 g, 1min 3. R110-and AMC-based substrates are cellpermeant. Nevertheless, membrane penetration of these substrates is slow. Addition of up to 5% ethanol to the culture medium accelerates penetration process significantly without affecting intracellular protease activation.
4. To study activation of two different proteases simultaneously, it is necessary to use two substrates with different fluorophores. For example, trypsinogen and proelastase activation have been analysed in acini with CBZ-Ile-Pro-Arg-AMC and (CBZ-Ala 4 ) 2 -R110, each at a concentration of 10 µM in culture medium. Blue fluorescence after excitation at 351 nm revealed trypsin activity, and green fluorescence after excitation at 490 nm shows elastase activity.
